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EFFECTS OF CANARD LOCATION ON THE 
AERODYNAMIC CHARACTERISTICS OF A BLUNT-NOSED 
missile at MACH NUMBERS OF 1.5 AND 2.0 
Donald L. Kassner and Brian Wettlaufer* 
Ames Research Center 

SUMMARY 


tail nosed missile model with nose-mounted canards and cruci form 

.“uS ;.:,S «ua*,KS£ ;r 

I * ^ X ^ ^ Cdndrd**d6fl6GtTon dnoles from fn 

nos^ locations! ■ “btarned with the canards at two different 

. . ■ Fof’ this bl unt-nosed model, there was 1 i ttl e effect of canard Tora 
Jit!h“!tabiTi?y!^°'' 


INTRQDUCTIDN 


Hnwn ^ le technology has been in the area nf 

“S2.;.;’:s isrrs. si; "=' — 

particularly for the case of the canard? been demonstrated to be inadequat( 
regions of the missile ?? n ^ located on nonconstant-dtameter 

of wi?l?unnel te'?s ref^’^p’aV Lc°f ^ ' "n extensive series 

a ! Wotsirets. 2-4) has been performed to provide basic ex- 

techniSSL developing the required improved predictive 

*Project Engineer, ARO, Inc. 


This test addressed itself to the effects of a fore and aft location 
of nose-mounted canards on the aerodynamic characteristics of a blunt-nosed 
missile model. Data were obtained with and without canards and/or tail 
surfaces at Mach numbers of 1.5 and 2.0. The angles of attack ranged from 
-3 to 12 , and the canard-deflection angles ranged from -3° to 15°. 


NOMENCLATURE 


The axis systems and sign convention are shown in figures 1 and 2. 
Data are presented in the unrolled body-axis coordinate system. Because 


Definition 

missile axial -force coefficient in unrolled body-axis 
system; axial force/S|^^pq^ 

missile rolling-moment coefficient in unrolled body- 
axis system; body rolling moment/Sj^^pq^jtp^P 

rolling -moment coefficient in body-axis system for 
canard panels summed together 

roll i ng -moment coefficient i n body-axis sys tern for 
al 1 canard and tai 1 panels summed together 

rolling-moment coefficient in body-axis system for 
tail panels summed together 

missile pi tchi ng -moment coeffi dent measured i n un- 
rolled body-axis system; pitching moment/S|^^pq_^je,j^^p 

pitching-moment coefficient in unrolled body-axi s 
system for canard panels summed together 

pitching -momen t coeffi cient in unrol 1 ed body-axi s 
system for all canard and tail panels summed together 

pitching-moment coefficient in unrolled body-axis 
system for tail panels summed together ' ,, 

missile normal-force coefficient in unrolled body- 

axis system; body norma 1 force/Sn^rd 

Khr <» 


is given together 

Symbol 

Plot 

Symbol 


CA 


CBL 

C. 

C(B) 

CRMC 

C, CRMB 

T(B)+T(B) 

^^T{B) 

CRMT 


CM 

Cm 

\(B) 

CMC 

c„ CMB 

C(B)+T(B) 

^'"t(b) 

CMT 


CN 


2 


Symbol 

Plot 

Symbol 

c., 

^C(B) 

GNG 

CNB 

G(B)+T{B) 

'^T(B) 

GNT 


GYM 

G(B) 

GYMC 

G(B)+T(B) 

"T(b) 

CYMT 



Cy 

c{b) 

GYC 

Gy - 

’'g(B)+T(B) 

Gy 

T(B) 

GYT 

^REF 

LREF 

Moo 

MACH 


Q 

^REF 

SREF 

B 

BETA 


Definition 

normal ^force coefficient in unrolled body-axis system 
for canard panels summed together ^ 

normal -force coefficient in unrolled body-axis system 
for all canard and tail panels summed together 

normal -force coefficient in unrolled body-axis svsfem 
for tail panels summed together s^gtem 

onrolled body- 

axis system, body yawing moment/S„^^b jl 

REF^o- RCF 

yawtng-monient coefficient in unrolled body-axis system 
for canard panels summed together f 

for’a?i“Srd 'anrinif ‘ ^ " body-axis system 

canard and tail panels summed together 

yawing-moment coe unrolled body-axis system 

fortail panels summed together system 

sist£f I'h®— unrolled body-axis 
system; body side force/S„v-,.Q x dxis 

Side-force coef^cient in un 

for canard panels suinmed together J' ^ ^yscem 

coefficient in unrolled body-axis system 
all canard and tail panels summed together 

in unrolled body-axis system 
for tail panels summed together o' ^yscem 

reference length for all coefficients (missile bodv 
lameter for cylindrical portion); 12.70 cm (0.417^ft) 

free-stream Mach number 
free-stream dynamic pressure 

reference area for all coefficients (cross-sectioml 
^OJofft?) 126.7 cn|2 

angle of sideslip, deg. 
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Plot 


Symbol 

Symbol Definition 

a 

ALPHA 

Qngle of attack, deg 

V 

PHI-C 

niissile roll angle, deg. 


PHI-T 

interdigitation angle between canard and 



Control Surface Code 

X 

o 

0(X) 

deflection angle of canard panel number X 
(X - 1. 2, 3, 4). see figure 



Configuration Code 


B 

body ;/ ■ 


Cl 

small canards (aft position) 


G2 

small canards (mid position) 



sma 1 1 canards (forward position) 


G4 

large canards (mid position) 


; -v G 6 : / ■ r 

large canards (aft position) 


'"C7■ :/■: 

small canards (mid position) 

'n 

Nl;^^ : \ 

sharp nose 

N, 

N2 

blunt nose 

''s 

N3 

semi blunt nose 

■'l 

T1 

tail panels (aft position) 

^2 

T2 

tail panels (mid position) 


A 


TEST FAeiLITY 


The Ames Research Center 6- by 6-foot Wind Tunnel is a variable- 
pressure, continuous-flowV closed-return type facility. The nozzle lead- 
ing to the test section is of the asymmetric sliding-block type which 
permits a continuous variation of Mach number from 0.25 to 2.3. The test 
section has a perfora ted fl oor and cei 1 i ng wi th provisions for removal of 
boundary- layer flow at transonic Mach numbers. 


MODEL DESCRIPTION 


The model and i ts components are shown in figure 3. The model was 
a sting-mounted body of revolution, 12.70 cm in diameter and 132.08 cm 
in length, as shown in figure 3(a) . Three nose shapes were used: a 
pointed, three-cal iber tangent ogive and two blunted, three-cal iber tan- 
gent ogives, as shown in figure 3(b). The model used six sets of four 
canard fins and two sets of four tail fins, all with various aspect 
ratios , as shown in fi gures 3(c) and 3(d) , respectively. The dimensions 
of the canard and tail fins are given in table 1 . Each of the four 
canards and four tail fins had a three-component balance mounted inside 
the body. The four tail fins had a fixed incidence angle of 0°. Each 
canard had a variable incidence angle that was remotely controlled and 
monitored from outside the tunnel. The locations of the canards and 
tai Is on the body are i ndicated i n the nomenclature and fi gure 3(a). The 
total model loads were measured on a 5. 1-cm (2-i n. ) si x-component balance 
(Task MKIIIE) furnished by Ames. 

Model photographs are shown in figure 4. Only the most blunt nose 
(N2) is considered in this report. 


TESTING AND PROCEDURE 


The investigation was conducted at Mach numbers of 1.5 and 2.0 and 
at a Reynolds number of 1 x 10^, based on body diameter. Data were ob- 
tai ned at angl es of attack from -3" to 12" with canard i nci dence angles 
of -3° to 15°. For this report the model was tested in the unrolled 
position, <(>c = 0°. The experimental data, presented as a function of 
angle of attack, were obtained from pitch sweeps at a constant canard- 
deflection angle. An angle transducer, mounted on the aft end of the 
model support, was used to measure the angle of attack of the model. 


DATA REDUCTION 


The six-component main balance forces and moments were corrected for 
weight tares and reduced to coefficients in the unrolled body-axis system, 
as shown in figure 1. The moment-reference center for all body-axis coef- 
ficients was at model station 66 (one-half the length of the sharp-nosed 
body in figure 3(a)). All force and moment coefficients were based upon 
the following dimensions; 

= 126.7 cm^ (0.136 ft^) 
jIrEf = 12.70 cm (0.417 ft) 

The three-component fin balance forces and moments for each canard 
and tail panel were reduced to normal -force, pitching-moment and root 
bending-moment coefficients about an axis system in the plane of the fin, 
as shown in figure 2. These fin coefficients were then summed together in 
two groups, canards and tails, and reduced to coefficients in an axis system 
about the model centerline. They were then further reduced to coefficients 
about the moment-reference center in the unrolled body-axis system. Coef- 
ficients were obtained for each axis system. 

The angle of attack was corrected for flow angularity and sting de- 
flections. Stream-angle corrections used to correct for flow angularity 
were based on data taken during the investigation. 


RESULTS AND DISCUSSION 


Computer-plotted data on Cfj, C,„, C/\, Cy, C^, and C^ vs a are presented 
in figures 5 through 8 . The mi ssile model was unrol 1 ed ( 'l>c = Plll-C - 0'’) 
for all results presented in this report. 

Body-Alone Characteristics 

Body-alone characteristics for the blunt-nosed configuration BN2 are 
shown in figure 5 for Mach numbers of 1 .5 and 2.0 and angles of attack from 
-3° to 12°. As in previous body-alone tests (e.g., ref. 2), C|\i increases 
somewhat not only with a but with increase in Mach number. The increase 
i n Cfif with increase in Mach number i s , however, not large, and with further 
inGrease in Mach number above about M™ = 2.0, C^ can be expected to decrease 
(ref,^. 5) . - ; 

At supersonic Mach numbers,the side forces, yawing moments and rolling 
moments are essentially zero. This is not the case, however, at subsonic 
Mach numbers v/hen a exceeds about 20-' (see, for example, refs 2 and 6). 


Body-Tail Characteristics 

Body-tail characteristics for configuration BN2T1 are presented in 
figure 6 for Mach numbers of 1.5 and 2.0. The circular and diamond symbols 
represent the results for the body with tail (BN2T1) while the square and 
triangular symbols represent the results for the tail alone (summation of 
four tail panels in the presence of the body). 

Generally, the tail (Tl) developed at least half the total Cm for « 
up to about 12°. By comparing the Cm results of figures 5 and 6, one can 
observe the strong effect of the tail In providing stability in the pi tch 
plane. Also, it can be seen in figure 6 that the C„ versus a results for 
the body plus tail are not greatly different from those for the tail alone, 
especial ly for Mw - 1.5. The side-force, yawing-moment, and rolling-moment 
coefficients for the body plus tail and the tail (in the presence of the 
body) were generally negligible at all test conditions. 

Body-Canard Characteristics 


Body-canard characteristics for configuration BN2C1 are presented 
first in figure 7 (figure pages 10-51) for Mach numbers of 1 .5 and 2.0. 

The circular and diamond symbols represent the results for the body with 
canard (BN2C1 ) while the square and triangular symbol s represent the re- 
sul ts for the canard alone (summation of four canard panels In the presence 
of the body). Results are presented with only the side panels (posi tion 
X = 2 and 4) deflected consecutively at D(X) = 02 = D4 = -3°, 0°, 1°, 3", 

9“, and 15° (see figure 2) . In all cases, the vertical panels (position 
X = 1 and 3) are undeflected (01 = 03 = 0"). 

Following body-canard characteristics for configuration BN2C1 , si mi lar 
characteri sties are presented for config urati on BN2C3 (figure pages 52-93 ) . 
Canard Cl was located at the most aft canard position, and canard C3 was 
located at the most forward canard position (see fig. 3(a)). 

Generally, the canard panels developed less than half the total Cfj 
at both test Mach numbers. Being located well forward of the pitching- 
moment reference center, the canard panels also contributed substantially 
to the unstable pitching-moment characteristics typical of a body without 
tail fins. Canard C3, located at the most forward missile station, of 
course contributed more than canard Cl to the unstable pitching-moment 
characteristics. AS expected, an increase In panel deflection angle resulted 
in some increase in Cj>j and positive (unstable) Cp, for both BN2C1 and BN2C3. 

Body-Canard-Tail Characteristics 

Body-canard-tail characteristics for configuration BN2C1T1 are pre- 
sented first in figure 8 (figure pages 94-177) for Mach numbers of 1.5 and 
2.0. The circular symbols represent the results for the body BN2 with 





canard Cl and tail Tl. The square symbols represent the results for the 
canard alone (summation of four panels in the presence of the body) 'and 

of results for the tail alone (sunmation 

of four panels in the presence of the body). Finally, the triangular 

results for the canard plus tail in the presence of 

T- 2 (position 

A - d and 4) deflected consecutively at D(X) = D2 = D4 = - 1 ° n" i° 

rposTtior^-^1 anf^r^^K^ 11 > •? vertical canard panel^ 

(position X - 1 and 3) and all tail panels are undeflected (D1 = D3 = 0°). 

• . ^°^^°'ving body-canard-tail characteristics for configuration BN2C1T1 

uraJl™ "ted with the canard more forward, conf g- 

uration BN2C3T1 (figure pages 178-261). ' y 

tho canard^plus tail^ (ClTl or C3T1 ) developed about half 

the total ,Cn for a up to about 12°. A similar result was obtained at a 
subscnic Mach number^oro reference 2. In all cases, enough normal 
the^a ran ^^il to produce stable C„, character! sties over 

moHp 1 r tl (CT j was general ly ef f ec ti ve in trimming the 

model (C^ -^Q) at angles of attack up to about 3° or 4° with panel de- 
^ > ^Wi th^movement of the canard forward (C 

n ght improvement in trimming capability. For example, canard C3 was 

model at only about an angle Of attack 
nncl /Mii^ for the same panel deflection angle. When the pointed 

nose (Nl) was used instead of the highly blunted nose (N2) described in 

r!!If ^ of attack 

(ret. 3). The reader, of course, can study in detail the various results 
for each test condition in this report and similar reports (refs. 2-4). 


CONCLUDING REMARKS 


A blunt-nosed mi ssi 1 e model wi th nose-mounted canards and criici form 
tai 1 s urfaces was tested in the Ames 6- by 6-Foot Wind Tunnel to determine 
the contributions of the component aerodynamic surfaces to the static aero- 
dynamic characteristics at Mach numbers of 1 . 5 and 2 . 0 and a Reynolds num- 
ber of 1 X IQb, based on body diameter. Data were obtained at angles of 
attack ranging from -3° to 12° for various stages of model "build-up" 

(i.e., with and without canard and/or tail surfaces). Results were obtained 
with the canards at two different nose locations. 

For the canard and tail arrangements investigated, the model was trim- 
mable at angles of attack up to about 4° or 5° v/ith canard deflections 
of 9°. For this blunt-nosed model, there was little effect of canarc 
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SYMBOL DATA PARAMETRIC VALUES 
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5RE2I 18) CONFIGURATION 9 (BN8C1 ) 


SyhSOL DATA 

O CRM 

□ , CRMB 

O CA 


pabametr ic values 


. H75' 
. 450 - 


: , 425 ' 
.400- 
.375- 


.3501 


-4 -3 -2 


.0025^ 

0 

-.0025- 

-.0050- 

-.0075- 

-. 0100 . 


2 2 4 5 6 7 8 9 10 1 1 

'■ 0 
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(BEZ119) 

CONFIGURATION 9 

(BN2C1) 


srmoL 

DATA 


PARAMETRIC 

VALUES 


O 

CN 

MACH 

1.J499 

BETA 

.000 

□ 

CNB 

01 

*000 

03 

. .000 

O 

CM 

D2 

9.000 

OH 

9.000 

A 

CM3 

DI-3 

.000 

02-H 

9.000 



PHI-C 

.000. 
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CBEZH9) 

SYMBOL DATA 

8 CN 
CN9 

O CM 

A CM3 


CONF I GURAT I ON 9 C BN2C 1 ) 

PARA^CTRrC VALUeS 


MACH 

01 

oe 

01-3 

PHI-C 


I .993 9CTA 

^000 03 

9.000 04 

.000 oa-H 

.000 


.000 

.000 

9.000 

9.000 
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CYM 


CBEZl 19) CONFIGURATION 9 (BN2C1) 


5>'M80L 

DATA 


PARAMETRIC 

VALUES 


o 

cr 

MACH 

1-V99 

BETA 

.000 

o 

C^’B 

D1 

.000 

03 

.000 

o 

CYH 

02 

9.000 

04 

9.D00 

A 

cvre 

01-3 

.000 

oa-4 

9.000 



PHl-C 

.000 








[BEZ119) CONFIGURATION 9 (BNaCI) 


iYMBOC DATA 


PARArCTRIC VALUES 

3 BETA 

0 03 

0 OH 

0 oe-H 
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f^Z119) CONFIGURATION 9 (BNaGI) 

>yr^ DATA PARAMETRIC VALUES 


iibbbbmiEm885B5S53 


SHHmHHHI 


5 6 7 8 9 



FIG. 7 BODY-CANARD CHARACTERISTICS. MAIN BALANCE AND PANEL 


LOAD SUMMATIONS 
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iBEZISO) CONFIGURATIQN 9 


SYMBOL DATA 

O ON 

□ CNB 

O CM 

A CMB 


PARAMETRIC VALUES 
1.500 BETA 

.000 03 

15.000 OH 

.000 D 2 -H 

/QOO 


.000 

.000 

15.000 

15.000 



1 0 


7 8 


0 II 


HnnnnnHHHBni 


/ 8 9 10 1 
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CBEZ120) 

S'ff'&X. . DATA 


CONFIGURATION 9 CBN2CI) 

PARAMETRIC VAULCS 
HACH 1,500 BETA 

01 ,000 03 

Oa 15,000 OH 

01-3 .000 Oa-H 

PHI-C .000 


^SESHI 


-.01 


- . 02 


.000 

.000 

15. 000 

15.000 


^ ^ C H D b 7 8 9 10 11 


1 U 1 


7 e 9 10 11 
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(REZIEOO 

SYMBOL DATA 
O . CRM 
□ CRMB 

O CA 


CONFI GURAT I ON 9 ( BN2G 1 ) 

PARAMETRIC VALUES 


MACH 

1 .500 

BETA 

.000 

D1 

,000 

D3 

.000 

D^ 

15.000 

DH 

15.000 

Dl-3 

.000 

oa-H 

15.000 

PHI-C 

.000 




^ H 5 D 7 8 9 10 


a 
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( REZ I 20 ) CONF I GURAT ION 9 ( BN2C I ) 

SYMBOL DATA PARAMETRIC VALUES 

Q CRM MACH I 

□ CRMS 01 .000 03 .000 

O CA 02 " 15.000 04 15.000 


01-3 .000 15.000 

PHI -C .000 



a 



<x " 

FIG. 7 BODY-CANARD CHARACTERISTICS. MAIN BALANCE AND PANEL LOAD SUMMATIONS 
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CBEZ27H) CONFIGURATION 19 (BN2C3) 

lYMBOt . DATA PARAMETRIC VALUES 




HHI 


. 1 i r t .„ 

i:..i f 'i H • 

-i.. 1 I r 

- 1 i I I 

f 1 11 



■im 

C 

~~T' 1 111 

b, \ 7- 

"T 1 I. 1 1 

j 

t: l 

' I lf 1 ! 

a 

“T 1 1 1 i 

5 e 

‘~T-"l 1 "TT 

5' --. : ^ " 

7 E 

h--* » A » 1 ■» ^ » 1 } f I 11 

3 9 10 1 


12 13 
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(RE227^f ) 

SYK80C DATA 

O CRH 

□ CRM8 

O CA 


CONFltSURAT ION 1 9 ( BN2G3 ) 

PARAMETRIC VALUES 


MACH 

! .^99 

BETA 

. 000 

D;i 

.000 

03 

.000 

D5 

-3.000 

04 

-3.000 

Dl-3 

PHI-C 

.000 

.000 

08-4 

-3.000 
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CONFIGURATION 19 (8N2C3) 

SYI^ QATA PARAMETRIC VALUES 

8 rem 

O Si .000 03 

V CA OB -3.000 D4 

.000 02-4 

.000 


.000 

.000 

-3.00D 

-3.000 


T o o / y I Q } j 

■ a 




U 


' a a lu 1 1 
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( BEZ275 ) CONF I GURAT I ON 1 9 { BN3C3 ) 


Srt'aOL DATA 

O CN 


□ CN0 

O 0^ 


A C^« 


PARA^CTR^C VAtUeS 
1 .500 BETA 

,000 D3 

.090 0^ 

,000 Da-H 

.000 




^ i u i 


c; i H 5 6 7 8 9 10 


! .50 


1 .00 


HBBB 


-.a5i_^jo:r4 


* o 1 


7 8 9 10 
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19 CBN8C3J 

SYMBOL DATA PARAMETRIC VALLES 

0 CW MACH 1.S97 BETA .000 

□ CNS D1 .000 D3 .000 

o CM ba .000 iy< .000 

A CM8 01-3 .000 Oa-4 .000 

PHl-C .000 



, . , } — r i r- r~ — j — i i 1 — r — — , r . 

-3 -2 -1 0^^ r 3 H 5 6 7 8 9 10 II 12 13 



a 
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CBEZ275) CONFIGURATION 19 (BN2C3) 


symoL 

DATA 


PARAMETRIC VALUES 


0 

cr 

KACH 

U997 

BETA 

.000 

D 

CY8 

Dl 

.000 

03 

.000 

O 

GYM 

D2 

.000 

DH 

.000 

A 

CYM8 

Dl-3 

PHl-C 

.000 

.000 

D2-H 

.000 




a 
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f REZe75 ) CQf ir I GURAT ION 19 C BN2G3 ) 

^yfSOL DATA PARAf^TRlC VALUES 


o 

□ 

o 


CR^l 

CR,*^ 

CA 


HACH 

or 

Dl-3 

PHI-C 


i *5Go 

,cao 

.000 

.000 

.000 


BETA 

03 

04 

OB-4 


.000 

.000 

.coo 

>000 
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( REZ275 ) CONF I GURAT I ON 1 9 ( BN2C3 ) 


SYfiSOL 

DATA 


PARAMETRIC 

VALIAS 


0 


MACH 

K997 

BETA 

.000 


CRMB 

01 

.000 

03 

.000 

o 

CA 

02 

.000 

04 

.000 



01 -*3 

,000 

02-4 

.000 



PHI-C 

.000 





a 



O' 
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(BEZ276) CONFIGURATION 19 (BN2C3) 

SYMBOL DATA PARAMETRIC VALUES 


o 

CN 

MACH 

i.996 

be:ta 

.000 

□ 

CNS 

Dl 

.000 

D3 

.000 

o 

CM 

Da 

1. 000 

04 

1 . 000 

A 

cm 

DI-3 

.000 

D2-4 

1. 000 



PHI-C 

.000 






CRM 


t REZ276 ) CONF I GURATI QM 19 ( BN2C3 ) 


. 500 ' 

. 475 - 

.^ 50 - 

. 425 - 

. 400 - 

. 375 . 


-4 ::-3 


9 10 11 12 13 

a 


1 u 1 i 


-4 -3 -2 - 5 6 / b y lU li 

0 ' ' 
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(^ 2377 ) CONF r eURAT I ON 19 C BN2C3 ) 

PARAMETRIC VALUtS 
1 .M99 BETA 
.000 03 
3.000 DH 
.000 02-4 
.000 


syj-soL 

DATA 


O 

CN 

MACH 

□ 

Cl^ 

D1 

O 

CM 

02 

A 

CM8 

Dl-3 

PHI-C 


.000 

.000 

3.000 

3.000 


r 

o 


a 











( BEZ277 ) CONF I GURAT I ON 19 ( BN2C3) 


SYMBOL 

DATA 


parametric 

VALUES 


S 

CN 

MACH 

1.997 

BETA 

.000 

□ 

CN0 

D1 

.000 

03 

.000 

O 

CM 

D2 

3.000 

0^ 

3.000 

A 

CMS 

Dl*3 

. 000 - 

oa-H 

3.000 



PHI-C 

.000 





a 
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c BEZ277 ) CONF I GURAT I ON 19 C BN2C3 ) 

SYMBOL DATA : PARAMETRIC VALUES 

O CY MACH 1.997 BETA .000 

O . CYB D1 .OCO D3 .000 

,0 CYM OB 3.000 04 3.000 

A CYM8 01-3 .000 OB-4 3.000 

PHi-c .000 : : 



-4 -3 -B -1 5 6 7 8 9 10 11 IB 13 



a / 
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( BEZa78 ) CONF I GURAT ION i 9 f BNaCS ) 


SYMGCC 

DATA 


PARA^CTS^C V.^LUES 


o 

CN 

MACH 

I 

.000 

□ 

CN3 

D1 

.050 03 


o 

CM 

oa 

b:ooo : 

S.QOO 

A 

CMS 

01 -3 
PH l-C 

.Gco oa-i 

.000 

6. 000 


3 . 



0 



.. a .■/ 
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CBE2a7B) CONFIGURATION 19 (BN2C3) 


SYMBOL 

DATA 


PARAMEITRtC 

VALUES 


0 

CY 

MACH 

1 .H97 

BETA 

.000 

□ 

CYB 

DI 

.000 

03 

*000 

0 

CYM. 

□a 

6.000 

DH 

6.000 

A 

CYM8 

DI-3 

.000 

D2-H 

6.000 



P\M< 

.000 




2: 

o 


> 

o 



a 
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ON 19 (BN2G3) 

■RAMETRiC VALUES 


397 

BETA 

.000 

000 

D3 

.000 

OGG 

D4 

6.000 

000 

D^-^ 

6.000 

000 






(BEZE79) CONFIGURATION 19 CBN2C3) 

SYMBOL data parametric values 


o 

CN 

MACH 

V.998 

BETA 

.000 

□ 

CN8 

Dl 

.000 

03 

.000 

o 

CM 

08 

9.000 

OH 

9,000 

A 

CMB 

01 -3 

.000 

D8-H 

9.000 



PHl-C 

.000 






a 
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( BEZ27S ) CONF I GURAT ION 1 9 ( BN2C3 ) 


SYMBOL: 

DATA 


PARAMETRIC 

VALUES 


O 

CY 

MACH 

1,998 

BETA 

.000 

□ 

CY8 

D1 

.000 

03 

.000 

o 

CYM 

02 

9.000 

04 

9.000 

A 

CYr« 

0!-3 

.000 

D2-4 

9.000 



PHI-C 

.000 






a 
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( REZ279 ) CONF I GURAT I ON 19 C BN2C3 ) 


SY!^ DATA 

O CRM 

□ CRH8 

O CA 


PARAriETRIC VALUES 
1.993 BETA ,000 

.000 03 .000 

9.000 DH 9.000 

.000 02-4 9.000 

.000 


.500- 


c? .H5Q- 




.375jv 


-3: :-2 


0 1 2 3 H 56 


" 8 9 10 II h 




^ ^ D / d 9 10 
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CBE2280) 

SYMBOL DATA 

O CN 

□ CN9 

O CM 

A CMB 


configuration 19 (BN2C3) 

PARAMETRIC VALUES 

MACH 1.500 BETA .000 

S' -000 03 .000 

S? , la.OOO :D>4 ■ IB.OOO 

PHI-C ;go°o° '^-OOO 


-.5^ 

-H 


“3 -a -10 


H 5 6 

a 


7 8 9 10 11 12 ~I3 


/ b y 10 11 
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(BEZ280) 

SYMSO. DAT 

0 CN 

. □ CN3 

O CM 

A CMB 

CO^ 

A . 

riGURATION 19 (BN2C3) ^ 

PARA^CTRIG VALUES 

flACH 1.995 BETA .000 

01 .COO D3 .000 

oa la.ooo cm la.ooo 

01^3 .000 Oa-H 12.000 

PHI-C .000 

3.0 

2.5- 




if t 1 



1 t T r 

I j r I 

1 ; 1 1 

1 j » 1 

T L 1 

~T"r‘T r 

’ T T T"7 


. 

' ■ . 


m 

2.0- 


















m 


- 


















CM 

=) 1 

J ^ 


■ ■ ■ ■ 

— ■■ . - 











... 





1 



: .'V ' 









'N— — — 



A— 



^ : 

. . *v-). ■ 

0- 

-.5. 

T 

: /I 

■■ ^ 




L— « 














- 

1 i 1 i i 

■ 1 1 .] i 

1 J 1 [ 


-.L.,i ,t l 

1 t 1 1 

i.i.j i 


1 1. i 1 

Li ; 


1 j I t 

■ 1 1 1 1 

. .1 i I i 

I..L.I.. I. L 


i I .A i 

IH 

m 


- 1 : 


8 9 10 111213 


a 



a 
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c BEZ280 ) CONF I GURAT I ON 19 C BNSC3) 


SYreOL 

DATA 


PARAMETRIC 

VALLES 


, N'*. 

O 

cy 

MACH 

1.500 

BETA 

.000 : 


□ 

CYB 

Dl 

.000 

03 

;n .000 


O 

CYM 

OS 

ia>ooo 

04 

r<?.ooo 


A 

CYM9 

01-3 

.000 

oa-4 

le.ooo 




PHI-C . 

.000 
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(BEzaao) 

CONFIGURATION 19 

(BN2C3) 


SYMBOL 

DATA 


PARAfCTRtC 

VALUES 


0 

CY 

MACH 

1.995 

beta 

.000 

□ 

CYB 

01 

.000 

D3 

.000 

o 

CYM 

02 

12.000 

DH 

12.000 

A 

CYM9 

Dl-3 

.000 

D2-H 

12.000 
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t REZ280 ) CONF I GURAT I ON 19 ( BN2C3 ) 


SYMBOL 

DATA 


PARAMETRIC 

VALICS 


o 

CRM 

MACH 

1 ,500 

BETA 

,000 

. □ 

: CRM8 

DI 

.000 

D3 

,000 

o 

CA 

oa 

12.000 

D4 

la.ooo 



DI-3 

.000 

Da-4 

la.ooo 




;ooo 





0 
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( REZaSO ) CONF I GURAT ION 1 9 ( BN2C3 ) 


SYM8X 

DATA 


PARAfCTRlC 

VALUeS 


0 

CRM 

MACH 

1.995 

BETA 

.000 

□ 

CRM8 

D1 

.000 

03 

.000 

O 

CA 

02 

le.ooo 

04 

12.000 



DI-3 

.000 

02-4 

12.000 



PHI-C 

.000 





a 
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P i TCH I NG MOMENT COEFl- i C I LNT , CM 


( LEZ093 ) CONE I GURAT ION 7 tBNSC I T 1 ) 

DATA PARA^TRIC yAL^S 

^ c?lc of'' '-OM ^ 

rMT oa -3.000 OH *|‘Sn2 

CM0 Ol-l -OOP -3.000 


□ 

o 

A 



H 5 

FIG. 8 BODY-CANARD^TAIL CHAR. , MAIN BALANCE AND PANEL LOAD SUMMATIONS 
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(LEZ093) CONFIGURATION 7 (BN2C1TI) 


SYMBOL 

DATA 


PARAMETRIC 

VALUES 


O 

CM 

MACH 

1.995 

BETA 

.000 

□ 

CMC 

01 

.OCO 

03 

.000 

o 

CMT 

oa 

-3.000 

OH 

-3.000 

A 

CMB 

Dl-3 

.000 

D2-H 

-3.000 



PHI-C 

.000 

PHI-T 

.000 



. O' 
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YAWING MOMENT COEFFICIENT, CYM 


( MEZ093 ) CONF I GURAT I ON 7 ( BN2C I T 1) 

SYMBOL. DATA PARAMSTRtC VALUES 


Q CYM MACH t.503 BETA .000 

O CYMC 01 .000 03 .000 

O CYMT Oa -3.000 0*4 -3.000 

A CYMB 01-3 .000 Oa-H -3.000 

PHI-C .000 PHI-T .000 
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YAWING MOMENT COEFFICIENT, CYM 



(MEZ093) 

SY^eOL DATA 


O 

□ 

O 

A 


CYM 

CYMC 

CYMT 

CYMB 


CON?“IGURATION 7 (BN2GIT1) 

PARAf^JRIC VALUES 


MACH 

01 

02 

DI-3 

PHI-C 


1.995 

.000 

-S.OOO 

.COO 

.000 


GCTA 

03 

DH 

02-4 

PHI-T 


.000 

.000 

- 3.000 

- 3.000 

.000 
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MAIN BALANCE AND PANEL LOAD SUMMAT I ONS 




ROLL I NO MOMENT COEFF I C I ENT , CRM 


(NEZ093) CONFIGURATION 7 (BN2C1T1 ) 


srtisoL 

DATA 


parametric 

VALUES 


a 

CRH , 

MACH 

1.503 

BETA 

.000 

□ 

CRHC 

01 

.000 

03 

.000 

o 

CRMT 

02 

-3.000 

D4 

-3.000 

A 

CRHB 

D I -3 

.000 

D2-H 

-3.000 



PHI-C ^ 

.000 

PHI-T 

.000 



0 
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ROLLING MOMENT COEFFICIENT, CRM 



V t 


( NEZ093 ) CONF I GURAT ION 7 ( BN2C 1 Tl ) 


SYH80L 

DATA 


Parametric 

VALUES 


O 

CRM 

MACH 

1.995 

BETA 

.000 

□ 

CRMC 

DI 

.000 

03 

.000 

o 

CRMT 

02 

-3.000 

04 

-3.000 

A 

CRM8 


.000 

02-4 

-3.000 



PHl-C 

.COO 

PHI-T 

.000 



0 
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PI TCH I NG MOMENT COEFF 1 C I ENT , CM 


f LEZ094 ) CONFIGURATION 7 (BN2C1 T I ) 


SYMBOL 

DATA 


PARAMETRIC 

VALUES 


o 

CM 

MACH 

1 .494 

BETA 

.000 

□ 

CMC 

01 

,000 

03 

.000 

o 

CMT 

oa 

.000 

04 

.000 

■ ■ 

CM0 

Dl-3 

.000; 

oa-4 

.000 



PHI-C 

.000 

PHI-T 

.000 



0 : V:> 
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MOMENT COEFFICIENT. CM 




COEZOS^) 

SYMBOL DATA 
O CA 


CONFIGURATION 7 (BNaClTI) 

PARArCTRIC VALIXS 

MACH . 1.M94 BCTA .000 

0 \ ,000 03 .000 

D 5 ,000 , 0 ^ .000 


DI-3 

PHI-C 


.000 

.000 


D2-4 

PHI'T 


.000 

.000 







OODO 


(liEZOSM-) CONriGURATION 7 (BNSClTn 


SYMBOL DATA 
CY 
CYC 
err 
CYB. 


PARAMETRIC VALUES 
1.494 BETA .000 

.000 03 .000 

.000 04 .000 

.000 D2-4 .000 

.000 PHl^T .000 






/ O 9 10 


12 13 


■ ■■ y* 
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CONFIGURATION 7 CSNSCITU 

PARAMETRIC VALUES 


990 

BETA 

.000 

000 

D3 

.000 

000 

DH 

.000 

000 

02 -4 

.000 

000 

PHI -I 

.000 
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YAWING MOMENT COEFFICIENT, CYM 


CONFieURATTON 7 (BNECITl) 
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